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(54) MULTILAYER THERMOPLASTIC RESIN SHEET MANUFACTURING METHOD, AND 
MULTILAYER THERMOPLASTIC RESIN SHEET 



(57) A method for efficiently manufacturing multi- 
layer thermoplastic resin sheet without damaging 
foamed resin layer, and a muiti-layer thermoplastic resin 
sheet are provided. After bringing a thermoplastic resin 
film 19 into close contact with either one of a metal end- 
less belt 15 (with surface roughness Ra: less than or the 
same as O.Sfim) or a roller 16, a foamed resin sheet 18 
from a die 1 1 or a feed roller is superposed onto the 



thermoplastic resin film 1 9, and the laminated thermo- 
plastic resin film 19 and the foamed resin sheet 18 are 
sandwiched and sheet-pressed between the belt 15 and 
the roller 16 to manufacture double-layer thermoplastic 
resin sheet 24, during the sheet-pressing operation, 
sheet-pressure applied is 0.05 to I.OOMPa, and sheet- 
pressure acting time is 0.5 to 10.0 seconds. 
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Description 

Technical Field 

[0001] The present invention relates to a manufac- 
turing method of multi-layer thermoplastic resin sheet 
and a multi-layer thermoplastic resin sheet. . 

Background Art 

[0002] Laminated sheet having, for example, poly- 
styrene resin layer as foamed resin layer, is used as a 
container of various foods such as instant noodles. 
[0003] Such laminated sheet is manufactured, for 
instance, by superposing a thermoplastic resin film 
extruded from an extruder to a polystyrene foamed resin 
sheet and laminating them by applying pressure 
between a pair of rollers (see Publication of Japanese 
Patent Laid-Open No. Hei 9-19968). Incidentally, heat 
lamination and adhesive are also employed instead of 
the extrusion lamination. 

[0004] However, when the polystyrene foamed 
resin sheet and the thermoplastic resin film are lami- 
nated by pressurizing force between the pair of roller, 
approximately linear pressure is applied to the sheet 
and the film and the polystyrene foamed resin layer can 
be damaged, according to magnitude of the pressure. It 
is also likely that secondary foaming of the sheet can be 
insufficient, secondary foamability during thermoform- 
ing process can be deteriorated, and appearance can 
be deteriorated on account of generation of corch Fur- 
ther, the processing speed can also be limited. 
[0005] An object of the present invention is to pro- 
vide a manufacturing method of multi-layer thermoplas- 
tic resin sheet and multi-layer thermoplastic resin sheet 
made therefrom for efficiently producing foamed sheet 
without damaging the foamed resin layer while control- 
ling secondary foamability as the sheet. 

Disclosure of the Invention 

[0006] A manufacturing method of multi-layer ther- 
moplastic resin sheet according to the present invention 
is characterized in having the steps of: bringing a ther- 
moplastic resin film into close contact with either one of 
a heated belt or a roller; laminating a foamed resin 
sheet onto the thermoplastic resin film on either one of 
the belt or the roller; and sheet-pressing the laminated 
thermoplastic resin film and the foamed resin sheet by 
sandwiching between the belt and the roller. 
[0007] The thermoplastic resin of the thermoplastic 
resin film may be any resin capable of being adhered to 
the foamed resin sheet, such as polystyrene, polyethyl- 
ene, polypropylene, nylon-6 and nylon-66. Additives 
such as bulking agent, coloring agent etc. may be 
added to the thermoplastic resin as necessary. Anchor 
coating, prime coating and the like may be performed 
on a side of the thermoplastic resin film to be in contact 



with the foamed resin sheet. 

[0008] Polystyrene, polyethylene, polypropylene, 
polyvinyl chloride, polyurethane and the like may be 
used as a resin of the foamed resin sheet. 

5 [0009] The polystyrene resin includes styrene 
homopolymer, p-methyl styrene homopolymer, styrene- 
maleic anhydride copolymer, styrene-acrylonitrile 
copolymer, styrene-methacryiic acid copolymer, sty- 
rene-butadiene copolymer, styrene-buadiene-acryloni- 

io trite copolymer, mixture of polystyrene and 
polyphenylene oxide and the like. 
[0010] Expansion ratio of the foamed resin sheet is 
optional, however, expansion ratio of 1 .5 to 20 is prefer- 
able. The thickness is also optional, however, preferably 

is 0.5 to 10mm. The sheet may be so-called a film having 
relative small thickness. 

[0011] Any foaming agent can be employed, where 
volatile foaming agent (such as propane and butane), 
inorganic gas foaming agent (such as carbon dioxide), 
20 decomposing foaming agent (such as azodicarbona- 
mide) etc. can be used. 

[001 2] According to the present invention, since the 
thermoplastic resin film and the foamed resin sheet 
being brought into close contact with either one of the 

25 heated belt or the roller are sheet-pressed by the belt 
and the roller, secondary foaming when being made into 
a sheet can be controlled without damaging the foamed 
resin layer and the sheet and the film can be laminated 
without damaging the foamed resin layer. 

30 [0013] Incidentally, it is only required as the multi- 
layer thermoplastic resin sheet according to the present 
invention that the thermoplastic resin film and the 
foamed resin sheet are included as double layer, and tri- 
ple layer structure further having thermoplastic resin 

35 film, for example, is also possible. 

[0014] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the belt is preferably a metal endless belt and 
the roller is preferably a metal roller. 

40 [0015] At least circumference of the metal roller 
may be made of metal. 

[0016] The material used as the metal may be 
stainless steel, carbon steel, titanium alloy and the like. 
[0017] The endless belt may be of any thickness, 
45 however, preferably not less than 0.3mm, in view of 
strength. 

[0018] Incidentally, the endless belt may be moved 
at any moving speed, however, preferably not less than 
20m/min., in view of productivity. 

so [0019] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the metal endless belt and the metal roller 
preferably has surface roughness (center line average 
roughness: Ra) of less than or the same as O.Sjim. 

55 [0020] In other words, the surfaces of the metal 
endless belt and the metal roller are mirror-finished. 
When the surface roughness exceeds 0.5|im. glossi- 
ness of the surface of the obtained sheet decreases. 
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[0021] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, a sheet-pressure applied to the thermoplastic 
resin film and the foamed resin sheet by the belt and the 
roller during the sheet-pressing process is preferably 5 
0.01 to LOOMPa. 

[0022] The sheet-pressure is controlled by a ten- 
sion of the belt. When the sheet-pressure is less than 
0.01 MPa, lamination strength of the film and the sheet 
is decreased. On the other hand, when the sheet-pres- w 
sure exceeds I.OOMPa, the thickness of the sheet is 
reduced because air bubbles in the foamed resin sheet 
are damaged. Preferably, the sheet-pressure is 0.1 to 
0.7MPa. 

[0023] In the manufacturing method of the multi- 15 
layer thermoplastic resin sheet according to the present 
invention, a sheet-pressure applied to the thermoplastic 
resin film and the foamed resin sheet by the belt and the 
roller during the sheet-pressing process is preferably 
0.01 to I.OOMPa. 20 
[0024] When the sheet-pressure acting time is less 
than 0.5 second, the lamination strength of the film and 
the sheet is decreased. Further, when the foamed resin 
sheet is specifically a polystyrene foamed resin sheet, 
sufficient secondary foaming cannot be obtained. 25 
[0025] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, a heating temperature of the thermoplastic 
resin film being in close contact with and heated by 
either one of the belt and the roller is preferably 120 to 30 
180 °C. 

[0026] When the heating temperature is less than 
120°C, the lamination strength becomes insufficient 
and, on the other hand, when the heating temperature 
exceeds 180°C. corch is caused and secondary foama- 35 
bility during thermoforming process is deteriorated. 
[0027] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the thermoplastic resin film superposed onto 
the belt is preferably pre-heated to more than or the 40 
same as 40 °C. 

[0028] The pre-heating temperature ol the first 
sheet thermoplastic resin is set not less than 40 °C, the 
upper limit being a temperature capable of peeling off 
from the pre-heating means. When the pre-heating tern- as 
perature is less than 40 °C, though no problem occurs at 
low speed, air can be sandwiched between the belt and 
the first sheet thermoplastic resin in high-speed 
processing. 

[0029] In the manufacturing method of the multi- so 
layer thermoplastic resin sheet according to the present 
invention, the thermoplastic resin film is preferably 
pressed onto the belt or the roller by an elastic roller in 
bringing the thermoplastic resin film into close contact 
with either one of the heated belt or the roller. ss 
[0030] The elastic roller may have an elastic portion 
at least at a circumference thereof. Heat-resistant sili- 
cone rubber or the like is preferably employed as the 



elastic member. 

[0031 ] By using such elastic roller, air sandwiching 
between the belt and the thermoplastic resin film during 
high-speed lamination, wrinkle generation to the ther- 
moplastic film, shift of the thermoplastic resin film from 
the belt etc. can be prevented. 

[0032] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the elastic roller preferably has a temperature 
controlling roller for abutting to a surface of the elastic 
roller to control surface temperature of the elastic roller. 
[0033] The temperature controlling roller may have 
a channel for the temperature controlling thermal 
medium therein. More than one temperature controlling 
roller may be provided as necessary. 
[0034] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the elastic roller preferably contains thermal 
medium therein for keeping temperature difference 
between surface temperature of the elastic roller and 
the inner thermal medium to be not more than 80 °C. 
[0035] Though the surface temperature of the elas- 
tic roller should be measured at a portion having the 
highest temperature (a portion closest to the belt), how- 
ever, since it cannot be actually measured, the temper- 
ature immediately before the thermoplastic film contacts 
the elastic roller is taken. 

[0036] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the thermo-plastic resin film is preferably in 
close contact with the heated belt or the roller by virtue 
of absorption force of static electricity. 
[0037] The adhesion to the belt or the roller by 
applying static electricity is one of conventionally well- 
known techniques. 

[0038] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the thermoplastic resin film is preferably 
superposed to the belt after coating releasable material 
onto a surface of the thermoplastic resin film to be in 
contact with the belt. 

[0039] Liquid silicone emulsion etc., solid starch 
particle, silicone particle, acryl resin particle and the like 
can be preferably used as the releasable material. 
[0040] The releasable material may be coated by 
either in-line or off-line (using a film having the releasa- 
ble material previously coated thereon). 
[0041] Accordingly, since the releasable material is 
coated onto a surface of the thermoplastic resin film in 
contact with the belt, the thermoplastic resin sheet can 
be easily released without lowering the temperature of 
the belt during high-speed manufacturing. 
[0042] In the manufacturing method of the multi- 
layer thermoplastic resin sheet according to the present 
invention, the laminated thermoplastic resin film and the 
foamed resin sheet is preferably cooled by a cooling 
means after the sheet-pressing process, and the lami- 
nated thermoplastic resin film and the foamed resin 
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sheet are preferably peeled off from the belt thereafter. 
[0043] Any arrangement is possible as the cooling 
means, where spraying equipment of water, air etc. can 
be used. 

[0044] A multi-layer thermoplastic resin sheet 
according to the present invention is obtained by the 
aforesaid manufacturing method. 
[0045] The multi-layer thermoplastic resin sheet 
can be suitably used for manufacturing a body of a con- 
tainer and cover thereof. 

[0046] In the multi-layer thermoplastic resin sheet 
according to the present invention, the thermoplastic 
resin film preferably has a printed surface thereon, a 
pitch change rate of the printed surface being less than 
1% and pitch variation coefficient being less than 2.5 X 
10" 3 . 

[0047] Having small printing pitch change, the 
multi-layer thermoplastic resin sheet can be suitably 
used as, for instance, cover for various food container 
such as instant noodle. 

Brief Description of Drawings 

[0048] 

Fig. 1 is a summarized view of equipment used in a 
manufacturing method according to first embodi- 
ment of the present invention; and 
Fig. 2 is a summarized view of equipment used in a 
manufacturing method according to second 
embodiment of the present invention. 

Best Mode for Carrying out the Invention 

[First Embodiment] 

[0049] A manufacturing method of double-layer 
thermoplastic resin sheet 24 according to first embodi- 
ment of the present invention will be described below 
with reference to Fig. 1 . 

[0050] Initially, an arrangement of manufacturing 
equipment used in the manufacturing method will be 
described. 

[0051] The manufacturing equipment has a die 11 
of an extruder (not shown), first roller 12 for heating, 
second roller 13 for cooling, third roller 14 for heating, a 
metal endless belt 15 wound around the rollers 12 to 14, 
fourth roller 1 6 for cooling being held by the endless belt 
15, feed roller 17 etc. 

[0052] The extruder is, for example, a single spindle 
extruder, which is located at a position capable of feed- 
ing molten foamed resin sheet 18 extruded from the die 
1 1 to a nip between the fourth roller 16 and the endless 
belt 15 immediately before being wound around the 
roller 16. 

[0053] The first to third rollers 12 to 14 are located 
each vertex of a triangle, around which the metal end- 
less belt 15 is wound. The endless belt 15 is made of 
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stainless steel and the like and has mirror-finished sur- 
face having surface roughness (center line average 
roughness: Ra) of less than or the same as O.Sfim. The 
third roller 14 applies tension to the endless belt 15 as 

5 well as heat the endless belt 15. 

[0054] The fourth roller 16 is located on an outside 
of the endless belt 15 between the first and the second 
rollers 12 and 13 to push the endless belt 15 inward. In 
other words, die endless belt 15 is held by a part of the 

io outer circumference of the fourth roller 16. At least outer 
circumference of the roller 16 is made of stainless steel 
etc., which has a mirror-finished surface having surface 
roughness (Ra) of less than or the same as O.Sjim. 
[0055] An appropriate heating means or cooling 

75 means are built inside the heating and cooling rollers 12 
to 14 and 16. Optional number of the rollers is con- 
nected to a rotational driving means. 
[0056] A thermoplastic resin film 19 is wound 
around the feed roller 17. The feed roller 7 is disposed 

20 to a location capable of feeding the thermoplastic resin 
film 19 to the endless belt wound around the first roller 
12. 

[0057] An elastic roller 21 for pressing die thermo- 
plastic film 19 fed by the feed roller 17 to the belt 15 is 

25 provided adjacent to the first roller 12. An elastic mem- 
ber 22 such as silicone rubber is attached to an outer 
circumference of the elastic roller 21 . 
[0058] Next, the manufacturing method of the dou- 
ble-layer thermoplastic resin sheet 24 using the manu- 

30 facturing equipment will be described below. 

[0059] The thermoplastic resin film 19 is fed by the 
feed roller 17 and the thermoplastic resin film 19 is 
superposed to the endless belt 15 to be in close contact 
with the first roller 12 through the elastic roller 21 . Inci- 

35 dentally, prior to bringing into close contact with the end- 
less belt 15, the thermoplastic resin film 19 is preferably 
pre-heated oyer 40 °C by more than one pre-heating 
roller provided closer to the feeding roller 17 than the 
elastic roller 21 or an appropriate heating device pro- 

40 vided adjacent to feeding path. 

[0060] Subsequently, the thermoplastic resin film 
19 in close contact with the endless belt 15 is moved 
toward the fourth roller 16 by rotating the endless belt 
15. When the thermoplastic resin film 19 is moved, the 

45 thermoplastic resin film 19 is heated to 120 to 180 °C by 
the first roller 12 through the endless belt 15. 
[0061] On the other hand, the molten foamed resin 
sheet 18 extruded from the die 11 is introduced 
between the fourth roller 16 and the endless belt 15 

so immediately before being held by the roller 16 so that 
the foamed resin sheet 18 is in close contact with the 
thermoplastic resin film 19. The thermoplastic resin film 
19 and the foamed resin sheet 18 laminated in two lay- 
ers on the belt 1 5 are sheet-pressed toward the roller 1 6 

55 by the belt 15. During the sheet-pressing process, die 
sheet-pressure to the double-layered sheet 24 applied 
by the belt 15 and the roller 16 is 0.01 to LOOMPa. The 
sheet-pressure acting time is 0.5 to 10.0 seconds. 
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[0062] Subsequently, the laminated thermoplastic 
resin film 19 and the foamed resin sheet 18 are moved 
toward the second roller 13 by the rotation of the end- 
less belt 15 and are peeled off from the endless belt 15 
after being cooled at the second roller 13, thereby 5 
obtaining the double-layer thermoplastic resin sheet 24 
according to the present embodiment 
[0063] Incidentally, though the foamed resin sheet 
18 is extruded onto the thermoplastic resin film 19 to be 
laminated in the above-described manufacturing w 
method, the foamed resin sheet 18A may be fed from 
the feed roller 23 to be in close contact with the fourth 
roller 16 by the elastic roller 21 A, so that the laminated 
thermoplastic resin film 19 and the foamed resin sheet 
1 8 are sandwiched between the belt 1 5 and the roller 16 is 
to be sheet-pressed. 

[0064] Though the thermoplastic resin film 19 is in 
close contact with the endless belt 15 abutting the first 
roller 12, the thermoplastic resin film 19 may be in close 
contact with the heated fourth roller 16 by locating the 20 
feed roller 1 7 opposite to the above arrangement rela- 
tive to the die 1 1 . In this case, the feed roller 1 7 is dis- 
posed at a roller 23 position shown in dotted line in Fig. 
1 and the thermoplastic resin film 19 is fed according to 
the path of the sheet 1 8A also shown in dotted line to be 25 
laminated on an upside of the foamed resin sheet 1 8 fed 
by the die 11. 

[0065] Though the thermoplastic resin film 19 is in 
close contact with the endless belt 15 using the elastic 
roller 21 , the thermoplastic resin film 1 9 may be in close 30 
contact with the endless belt 15 by virtue of absorption 
force of static electricity. The arrangement is possible 
using known techniques, where, for instance, the ther- 
moplastic resin film 19 is absorbed by disposing an 
electrode for charging electricity to the endless belt 15 35 
immediately before the first roller 12 and applying either 
one of plus and minus electric charge to the endless belt 
15, thereby absorbing the thermoplastic resin film 19 at 
a position of the first roller 12. The electricity may be 
charged on the first roller 12. 40 

[Second Embodiment] 

[0066] Manufacturing method of triple-layer thermo- 
plastic resin sheet 25 according to second embodiment 45 
of the present invention will be described below with ref- 
erence to Fig. 2. 

[0067] The manufacturing equipment used in the 
manufacturing method according to the second embod- 
iment has a system for feeding the thermoplastic resin so 
film 26 as the third layer in addition to the manufacturing 
equipment according to the first embodiment. 
[0068] In other words, a cooling fifth roller 27 is pro- 
vided to abut to the second roller 1 3 through the endless 
belt 15 and another endless belt 28 is wound between 55 
the fifth roller 27 and the fourth roller 16. Accordingly, a 
pair of endless belt 15 and 28 is opposingly provided 
between the fourth roller 16 and the fifth roller 27. 



[0069] Further, a feed roller 29 for feeding the ther- 
moplastic resin film 26 as the third layer is provided. An 
elastic roller 31 for pressing the thermoplastic resin film 
26 against the belt 28 is provided adjacent to the fourth 
roller 16. The elastic roller 31 has an elastic member 32 
such as silicone rubber on an outer circumference 
thereof. 

[0070] The feed roller 1 7 for feeding the thermo- 
plastic resin film 1 9 as the first roller and die 1 1 for feed- 
ing the foamed resin sheet 18 as the second layer are 
respectively provided in the same manner as the first 
embodiment. 

[0071] Next, a manufacturing method of the triple- 
layer thermoplastic resin sheet 25 using the aforesaid 
manufacturing equipment will be described below. 
[0072] The thermoplastic resin film 1 9 as the first 
layer is fed by the feed roller 1 7, so that the thermoplas- 
tic resin film 19 is in close contact with the endless belt 
15 abutting the first roller 12 through the elastic roller 21 
and the thermoplastic resin film 19 is moved toward the 
fourth roller 16 by rotating the endless belt 15. When the 
thermoplastic resin film 19 is moved, the thermoplastic 
resin film 19 is heated to 120 to 180 °C by the first roller 
12 through the endless belt 15. 

[0073] Subsequently, the thermoplastic resin film 
26 as the third layer is pressed against the endless belt 
28 wound around the fourth roller 16 through the elastic 
roller 31, and the molten foamed resin sheet 18 
extruded from the die 1 1 is introduced and superposed 
between the thermoplastic resin film 26 as the third 
layer and the thermoplastic resin film 19 on the endless 
belt 15 immediately before being held by the first roller 
12. The laminated thermoplastic resin films 19 and 26 
and the foamed resin sheet 18 are sheet-pressed 
against the fourth roller 1 6 while being sandwiched by 
the pair of belt 15 and 28. 

[0074] During the sheet-pressing process, the 
sheet-pressure applied to the triple-layer sheet 25 by 
the two belts 15 and 28 and the fourth roller 16 is 0.01 
to LOOMPa and the acting time thereof is 0.5 to 10.0 
seconds. 

[0075] Subsequently, the laminated triple-layer 
sheet 25 is moved by the rotation of the endless belts 15 
and 28 toward the second and the fifth rollers 1 3 and 27 
to be cooled and, thereafter, peeled off from the endless 
belts 15 and 28 to obtain the triple-layer thermoplastic 
resin sheet 25 according to the present embodiment. 
[0076] Various modifications and the like as men- 
tioned in the first embodiment are possible in the 
present embodiment. 

[Third Embodiment] 

[0077] Double-layer thermoplastic resin sheet 24A 
according to the third embodiment of the present 
embodiment will be described below with reference to 
Fig. 3. 

[0078] The manufacturing equipment used in the 
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manufacturing method of the third embodiment is char- 
acterized in having a coating equipment 42 of releasa- 
ble material 41 and the rest is the same as the 
manufacturing equipment according to the aforesaid 
first embodiment. 5 
[0079] In other words, the coating equipment 42 of 
the releasable material 41 is provided between the feed 
roller 19 and the first pre-heating roller 21. The coating 
equipment 42 is located on the same side as the end- 
less belt 15 relative to the film 19 for coating the releas- io 
able material 41 onto a side of the thermoplastic resin 
film 19 touching the endless belt 15. 
[0080] The manufacturing method of the thermo- 
plastic resin sheet 24A according to the present embod- 
iment is approximately the same as the first is 
embodiment, where the releasable material 41 is blown 
by the coating equipment 42 to the side of the thermo- 
plastic resin film 19 touching the endless belt 15 fed 
from the feed roller 19. 

20 

[Fourth Embodiment] 

[0081] Double-layer thermoplastic resin sheet 24B 
according to the fourth embodiment of the present 
invention will be described beiow with reference to Fig. 25 
4. 

[0082] The manufacturing equipment used in the 
manufacturing method of the fourth embodiment is 
characterized in providing a temperature controlling 
roller 43 to the elastic roller 21 , and the rest is the same 30 
as the manufacturing equipment of the first embodi- 
ment. 

[0083] In other words, the metal temperature con- 
trolling roller 43 is disposed on an approximate backside 
of the elastic roller 21 abutting the thermoplastic resin 35 
film 1 9 to abut to outer circumference of the elastic roller 
21 . A channel of thermal medium (not shown) is formed 
inside the temperature controlling roller 43. 
[0084] The manufacturing method of the thermo- 
plastic resin sheet 24B according to the present embod- 40 
iment is approximately the same as the first 
embodiment, where temperature difference between 
the surface temperature of the elastic roller 21 and the 
thermal medium inside the elastic roller 21 is main- 
tained below 80 °C when the thermoplastic resin film 1 9 45 
is superposed onto the endless belt 15 through the 
elastic roller 21. As described above, in order to keep 
the surface temperature of the elastic roller 21 below a 
predetermined temperature, the temperature difference 
is maintained by the temperature controlling roller 43. so 

[Fifth Embodiment] 

[0085] Double-layer thermoplastic resin sheet 24C 
according to the fifth embodiment of the present inven- 55 
tion will be described below with reference to Fig. 5. 
[0086] The manufacturing equipment used in the 
manufacturing method of the fifth embodiment is char- 
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acterized in having a spraying equipment 45 of a mist 44 
and a spraying equipment 47 of air 46 as cooling means 
for the laminated thermoplastic resin film 19 and the 
foamed resin sheet 18, and the rest is the same as the 
manufacturing equipment according to the first embodi- 
ment. 

[0087] In other words, the spraying equipment 45 of 
the mist 44 is provided facing the foamed resin sheet 1 8 
at approximate center of the second roller 13 and the 
fourth roller 16, and the spraying equipment 47 of the air 
46 is provided facing the formed resin sheet 18 adjacent 
to the fourth roller 16. 

[0088] The manufacturing method of the thermo- 
plastic resin sheet 24C is approximately the same as 
the first embodiment, where the mist 44 is sprayed to 
the laminated thermoplastic resin film 19 and the 
foamed resin sheet 18 from the mist spraying equip- 
ment 45 to cool the laminated thermoplastic resin film 
19 and the foamed resin sheet 18, and subsequently, 
the laminated thermoplastic resin film 19 and the 
foamed resin sheet 18 is cooled by spraying the air 46 
from the air spraying equipment 47. Incidentally, only 
one of the mist 44 and the air 46 may be sprayed. 

[Experiment] 

[0089] In the first embodiment, the double-layer 
thermoplastic resin sheet 24 was manufactured accord- 
ing to following specific manufacturing equipment and 
the manufacturing method. 

(Equipment) 

[0090] 

Diameter of the first to fourth rollers 1000mm 
Endless belt stainless steel, Ra: 0.2^m t width: 
1200mm, length: 8.0m, thickness: 1.0mm 

(Condition] 

[0091] 

Moving speed of the endless belt 20m/mia 
Pre-heat temperature of the first thermoplastic 
resin film 70 °C 

Temperature of first roller 130 °C. 
Temperature of second roller 50 °C. 
Temperature of third roller 1 50 °C 
Temperature of fourth roller 40 °C. 
Sheet-pressure to the double-layer sheet by the 
belt and the roller 0.1 MPa. 

Sheet-pressure acting time to the double-layer 
sheet 1.5 second. 
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(Material) 
[0092] 

Thermoplastic resin film oriented polystyrene film 5 
having 10mm grid printed thereon. CELLOMER 
GH-1 (tradename), manufactured by Okura Kogyo 
Co., Ltd. Width: 600mm, thickness: 0.03mm 
Foamed resin sheet polystyrene foamed resin 
sheet A-180 (tradename), manufactured by JSP w 
CORPORATION. Width: 640mm, Thickness: 
2.1mm. 

[0093] The double-layer thermoplastic resin sheet 
24 obtained in the Experiment caused no rough portion is 
on the sheet surface because the foamed resin sheet 1 8 
was not damaged during lamination. 
[0094] When adhesive tape was adhered on the 
thermoplastic resin film 1 9 side of the double-layer ther- 
moplastic resin sheet 24, the foamed resin of the sheet 20 

18 was broken without being peeled off at border of the 
film 19 and the sheet 18. Accordingly, it could be 
observed that the lamination strength between the film 

19 and the sheet 1 8 was large. 

[0095] Further, the pitch change rate of the printed 25 
surface after the lamination was measured and found to 
have +0.4% of MD and -0.3% of TD when expansion 
was represented as + and contraction was represented 
as -. The pitch variation coefficient was 0.8 x 10" 3 in MD 
and 0.7X 10~ 3 inTD, both of which were below 2.5X1 0" 3 . 30 
Further, the thickness of the sheet 24 was changed 
from 2.2mm to 2.6mm, which shows good secondary 
foamability during thermoforming. 
[0096] According to the present experiment, the 
double-layer thermoplastic resin sheet 24 could be 35 
manufactured extremely efficiently without causing 
deterioration in appearance such as corch 

Industrial Availability 

40 

[0097] The present invention can be used as a lam- 
inated sheet used for container of various foods such as 
instant noodles. 

Claims 45 

1. A manufacturing method of multi-layer thermoplas- 
tic resin sheet, comprising the steps of: 

bringing a thermoplastic resin film in close con- so 
tact with either one of a heated belt and a roller; 
laminating a foamed resin sheet onto the ther- 
moplastic resin film on either one of the belt 
and the roller; and 

sheet-pressing the laminated thermoplastic 55 
resin film and the foamed resin sheet by sand- 
wiching between the belt and the roller. 
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2. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to Claim 1, wherein 
the belt is a metal endless belt and the roller is a 
metal roller. 

3. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to Claim 2, wherein 
the metal endless belt and the metal roller has sur- 
face roughness (center line average roughness: 
Ra) of less than or the same as 0.5p.m. 

4. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to any one of Claims 1 
to 3, wherein a sheet-pressure applied to the ther- 
moplastic resin film and the foamed resin sheet by 
the belt and the roller during the sheet-pressing 
process is 0.01 to l.OOMPa. 

5. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to any one of Claims 1 
to 4, wherein sheet-pressure acting time applied to 
the thermoplastic resin film and the foamed resin by 
the belt and the roller is more than or the same as 
0.5 second. 

6. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to any one of Claims 1 
to 5, wherein a healing temperature of the thermo- 
plastic resin film being in close contact with and 
heated by either one of the belt and the roller is 120 
to 180 °C. 

7. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to any one of Claims 1 
to 6, wherein the thermoplastic resin film super- 
posed onto the belt is pre-heated to more than or 
the same as 40 °C. 

8. The manufacturing method of multi-layer resin 
sheet according to any one of Claims 1 to 7, 
wherein the thermoplastic resin film is pressed onto 
the belt or the roller by an elastic roller in bringing 
the thermoplastic resin film into close contact with 
either one of the heated belt or the roller. 

9. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to Claim 8, wherein 
the elastic roller has a temperature controlling roller 
for abutting to a surface of the elastic roller to con- 
trol surface temperature of the elastic roller. 

10. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to Claim 8 or 9, 
wherein the elastic roller contains thermal medium 
therein for keeping temperature difference between 
surface temperature of the elastic roller and the 
inner thermal medium to be not more than 80 °C. 
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11. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to any one of Claims 1 
to 10, wherein the thermo-plastic resin film is in 
close contact with the heated belt or the roller by 
virtue of absorption force of static electricity. 5 

12. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to any one of Claims 1 
to 11 , wherein the thermoplastic resin film is super- 
posed to the belt after coating releasable material 10 
onto a surface of the thermoplastic resin film to be 

in contact with the belt. 

13. The manufacturing method of multi-layer thermo- 
plastic resin sheet according to any one of Claims 1 75 
to 12, wherein the laminated thermoplastic resin 
film and the foamed resin sheet is cooled by a cool- 
ing means after the sheet-pressing process, and 
wherein the laminated thermoplastic resin film and 

the foamed resin sheet are peeled off from the belt 20 
thereafter. 

14. A multi-layer thermoplastic resin sheet obtained by 
manufacturing method according to any one of 
Claims 1 to 13. 25 

1 5. The multi-layer thermoplastic resin sheet according 
to Claim 14, wherein the thermoplastic resin film 
has a printed surface thereon, a pitch change rate 

of the printed surface being less than 1% and pitch 30 
variation coefficient being less than 2.5 X 10" 3 . 
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